Objectives. To evaluate the long-term impact on physical function of a single course of rituximab in rheumatoid factor, seropositive patients with active rheumatoid arthritis (RA) despite ongoing methotrexate treatment. Methods. A randomized, controlled trial comparing rituximab alone [1000 mg intravenously (iv) on days 1 and 15, n ¼ 40], or in combination with cyclophosphamide (750 mg iv on days 3 and 7, n ¼ 41) or oral methotrexate (!10 mg/week, n ¼ 40) with placebo þ methotrexate (!10 mg/week, n ¼ 40), resulted in significant reductions in disease activity at weeks 24 and 48. Sustained improvements in physical function and standard effect sizes (SES) for changes in components of ACR and EULAR criteria were evaluated over 2 yrs. Results. More patients receiving rituximab þ methotrexate completed a 2-yr follow-up without further treatment than those receiving placebo þ methotrexate (45% vs 15%, respectively), rituximab alone (10%) or rituximab þ cyclophosphamide (22%). This reflected a higher percentage of patients receiving rituximab þ methotrexate reporting improvements in Health Assessment Questionnaire Disability Index ! minimum clinically important difference at 1 and 2 yrs (68% and 30%, respectively) compared with placebo þ methotrexate (28% and 15%), rituximab monotherapy (43% and 10%) or rituximab þ cyclophosphamide (39% and 12%). SES were high in all rituximab groups and revealed differing patterns of response over time. Conclusion. A single course of rituximab with continuing methotrexate in patients with active RA provided clinically meaningful improvements in physical function over 2 yrs, with lower discontinuation rates and larger SES for improvements in ACR and EULAR criteria components.
The clinical symptoms of rheumatoid arthritis (RA)-synovitis and systemic symptoms including fatigue and morning stiffnessare accompanied by radiographic changes that manifest as erosions and joint space narrowing, collectively leading to progressive loss of physical function. As the link between joint damage and disability is well established in RA [1] , treatment should focus not only on reducing the signs and symptoms of active disease and inhibition of radiographic progression, but also on maintenance and improvement in physical function of the patient. In this regard, patient-reported outcomes-pain, global assessment of disease activity and physical functionmost effectively distinguish between active and placebo treatment [2] [3] [4] .
Despite recent important therapeutic advances in RA, disease management remains challenging both for physicians and patients, and the need for innovative therapeutic approaches remains [5, 6] . The inciting events and underlying pathophysiology resulting in synovitis in RA are not completely understood. However, it is clear that B cells contribute to the perpetuation of active disease through mechanisms that include autoantibody production, antigen presentation, cytokine production, T cell-B cell interactions, maintenance of ectopic (synovial) germinal centres and effector cell functions [7] [8] [9] [10] [11] .
Rituximab is a B cell-targeted monoclonal antibody that selectively depletes B cells expressing the cell surface antigen CD20. This property of rituximab is utilized in the treatment of relapsed or refractory, low-grade or follicular CD20 positive (CD20þ) B cell non-Hodgkin's lymphoma (NHL) in combination with a regimen that includes cyclophosphamide and glucocorticoids [12] . The binding of rituximab to CD20þ B cells results in depletion of CD20þ B cells through three putative mechanisms of action: antibody-dependent cell-mediated cytotoxicity, complement-dependent cytotoxicity and promotion of B cell apoptosis [13] [14] [15] [16] . As CD20 is not expressed on stem cells or plasma cells [17, 18] , therapeutic B cell depletion with rituximab leaves these B cell populations intact [19] .
Rituximab was recently approved by the FDA for use in combination with methotrexate to reduce signs and symptoms in adult patients with moderately to severely active RA who have had an inadequate response to one or more tumour necrosis factor antagonist therapies. A randomized, double-blind Phase II trial in patients with active RA despite ongoing treatment with methotrexate confirmed the benefit of rituximab therapy in this population [19] . A single course of two rituximab infusions, alone or in combination with cyclophosphamide [the inclusion of cyclophosphamide induction in one arm of this study was based on the successful treatment of NHL with rituximab in combination with CHOP (cyclophosphamide, hydroxydoxorubicin, vincristine and prednisolone [12] )] or continued methotrexate, resulted in a significant reduction in disease activity according to American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) response criteria at 24 weeks compared with placebo þ methotrexate. This differential benefit was sustained at 48 weeks in some patients. Moreover, significant improvements in physical function, as measured by the Health Assessment Questionnaire Disability Index (HAQ-DI), were evident at week 24 [20] .
To characterize these sustained responses further, this report examines clinically meaningful improvements in physical function and the magnitude of treatment effects in components of ACR and EULAR response criteria observed in the subset of patients who demonstrated sustained clinical benefit following the single course of rituximab.
Methods

Patients and study design
Adult rheumatoid factor seropositive patients, with RA diagnosed by revised 1987 American Rheumatism Association criteria [21] , who had failed 1-5 disease-modifying anti-rheumatic drugs (DMARDs) and had active disease despite ongoing treatment with methotrexate (!10 mg/week) for !16 weeks, were enrolled into the study. To be eligible, patients had to have a swollen joint count (SJC) !8, a tender joint count (TJC) !8 and at least two of the following: an elevated C-reactive protein (CRP) level (!1.5 mg/dl) and/or erythrocyte sedimentation rate (ESR) (!30 mm/h), and/or morning stiffness !45 min. Patients were randomized in a double-blind fashion to one of the four treatment groups: continuing oral methotrexate (!10 mg/week) þ placebo rituximab; rituximab alone [1000 mg intravenous (iv) infusion days 1 and 15]; rituximab þ cyclophosphamide (750 mg iv on days 3 and 17); or rituximab þ continuing methotrexate. All patients received methylprednisolone 100 mg iv before infusions (rituximab or placebo) and oral prednisone for 2 weeks after the first infusion (total prednisone dose 510 mg).
The primary end-point of the study was the proportion of patients at week 24 with an ACR50 response, defined as !50% improvements from baseline in TJC and SJC, and three of the five components of patient pain [by visual analogue scale (VAS) score], patient assessment of global disease activity (VAS), physical function (HAQ-DI), physician global assessment of disease activity (VAS) and ESR or CRP [22] . Secondary outcome measures included EULAR responses based on 'good' and 'moderate' improvements in Disease Activity Scores (DAS) derived from TJC, SJC, patient assessment of global disease activity and ESR or CRP [23] [24] [25] .
Patients continued protocol participation for up to 2 yrs without further treatment with rituximab, or until they and their treating physicians considered that the initial clinical benefit had lapsed and a repeat course of rituximab or alternative therapy was indicated. Those randomized to methotrexate-containing arms continued methotrexate, and patients and investigators remained blinded to treatment assignments during the 2-yr follow-up period. The study was approved by the institutional review board or the ethics committee at each study site. All patients gave written informed consent.
Study assessments
ACR criteria were evaluated at screening, baseline (day 1), week 12, every 4 weeks to the primary end-point at 24 weeks, and every 8 weeks thereafter. Physical function was assessed using the HAQ-DI [26] , a 20-item questionnaire that scores performance of physical activities and activities of daily livingarising, dressing, eating, walking, hygiene, reaching and gripping-on a scale from 0 ¼ without difficulty to 3 ¼ unable to perform without assistance. The minimal clinically important difference (MCID) in HAQ-DI reflecting a meaningful improvement in physical function is a decrease of !0.22, derived from correlations with global assessments of disease activity in multiple randomized controlled trials and longitudinal case series [3, [27] [28] [29] [30] [31] [32] .
Statistical considerations
Descriptive statistics were used to compare baseline demographic and disease parameters in the initial intent-to-treat (ITT) population with those completing either 1 or 2 yrs of protocol participation. ACR responses were calculated using the ITT population. Patients with insufficient data to calculate an ACR response and patients who withdrew from protocol participation were classified as non-responders. In this study, a reduction in HAQ-DI of !0.25 from baseline was used to determine the proportion of patients with improvements in HAQ-DI that met or exceeded the MCID at each time point.
Secondary analyses included mean and median changes relative to baseline in HAQ-DI at weeks 12-104 without imputation. The significance of the change from baseline was determined by analysis of variance using all available data.
To characterize the relative magnitude of change in outcome measures and enable comparisons across individual parameters, standard effect sizes (SES) for changes from baseline in each component of the ACR and EULAR response criteria were calculated at weeks 24, 48, 72 and 104 for each treatment group, using available data. SES were calculated using pooled standard deviations using the formula: 
Results
Patient disposition and characteristics
One hundred and sixty-one patients were randomized, all of whom received at least one dose of study medication (rituximab/placebo), with at least one follow-up assessment after baseline. Patients were randomized as follows: 40 in each of the placebo þ methotrexate, rituximab monotherapy, and rituximab þ methotrexate groups, and 41 in the rituximab þ cyclophosphamide group. Median doses of methotrexate at study entry were 12.5-15 mg/week across the three groups. The disposition of patients in each treatment group over the 104 weeks of follow-up is summarized in Fig. 1 . At all time points, the proportion of patients continuing protocol participation was greatest in the rituximab þ methotrexate group-98%, 95% and 70% at weeks 24, 48 and 72, respectively. At 104 weeks, 45% of patients in this treatment group remained in protocol follow-up compared with 15%, 10% and 22% in the placebo þ methotrexate, rituximab monotherapy and rituximab þ cyclophosphamide groups, respectively. Protocol discontinuation due to lack of efficacy by week 104 was lowest in the rituximab þ methotrexate group. The most frequent reason for protocol discontinuation across the groups (categorized as 'other' in Fig. 1 ) was related to a return of symptoms requiring a further course of rituximab in a separate protocol. All patients in the placebo þ methotrexate group who discontinued protocol participation for this reason did so within 48 weeks. In contrast, the majority of discontinuations for this reason in each of the rituximab treatment groups occurred between weeks 48 and 104, with the lowest number in the rituximab þ methotrexate group.
Small sample sizes at 104 weeks in the methotrexate þ placebo, rituximab alone, and rituximab þ cyclophosphamide groups ( Fig. 1) precluded accurate comparisons at this time point across treatments and compared with the rituximab þ methotrexate group.
Baseline demographics and disease characteristics were comparable across treatment groups (Table 1) . Mean HAQ-DI scores (1.8-2.0) at baseline indicated, overall, that patients across all groups had 'much difficulty' in performing routine tasks before the start of the study. Baseline demographic and disease characteristics in cohorts completing follow-up at 1 yr [n ¼ 128 (79.5%)] and 2 yrs [n ¼ 37 (23.0%)] were generally comparable with the baseline ITT population (n ¼ 161) and, although baseline SJC and TJC values were lower in patients who completed 2 yrs on protocol, patient-reported measures-patient global assessment, pain and HAQ-DI-were similar across the ITT and follow-up subpopulations at this time point.
Clinical efficacy, tolerability and safety
Compared with placebo þ methotrexate, the proportion of patients achieving ACR20, ACR50 and ACR70 was higher with FIG. 1. Disposition of patients over 2 yrs. *The majority of protocol discontinuations classified as 'other' were owing to the requirement for retreatment with rituximab under a separate protocol;
§ includes 1 death due to pneumonia. rituximab treatment. Sustained responses over time were greatest in those receiving rituximab þ methotrexate [19, 34] . At week 104, more patients treated with rituximab þ methotrexate achieved ACR20, ACR50 and ACR70 responses, compared with the other groups (Table 2) . Moreover, at week 104, a greater proportion of patients in the rituximab þ methotrexate group (39%) achieved a EULAR response compared with the placebo þ methotrexate (16%), rituximab monotherapy (16%) and rituximab þ cyclophosphamide (24%) groups. There were no differences in the occurrence of adverse events that led to withdrawal, serious adverse events or infections in the rituximab treatment groups compared with the placebo þ methotrexate group [34] .
Physical function
Mean changes from baseline in HAQ-DI were statistically significant in all arms, and were generally higher in activetreatment groups than with placebo þ methotrexate (Fig. 2) . Improvements were maximal at 24 weeks and sustained thereafter in the rituximab þ methotrexate group. At week 72, the mean change from baseline in HAQ-DI with rituximab þ methotrexate (n ¼ 28) was -0.6 (P < 0.0001), compared with -0.3 (P 0.05) with placebo þ methotrexate (n ¼ 15), -0.6 (P ¼ 0.01) with rituximab monotherapy (n ¼ 17) and -0.1 (P ¼ 0.05) with rituximab þ cyclophosphamide (n ¼ 22). At week 104, higher patient retention with rituximab þ methotrexate treatment (48% compared with 15%, 10% and 22% in placebo þ methotrexate, rituximab monotherapy and rituximab þ cyclophosphamide, respectively) precluded accurate between-group comparisons.
At week 24, the proportions of patients reporting improvements in HAQ-DI that met or exceeded MCID (a reduction of !0.25) were higher in active-treatment groups (68%, 59% and 63% with rituximab monotherapy, rituximab þ cyclophosphamide and rituximab þ methotrexate, respectively) (8) 5 (13) 13 (33) ACR50 4 (10) 3 (8) 4 (10) 8 (20) ACR70 3 (8) 1 (3) 3 (8) 4 (10) *P < 0.05, **P < 0. than with placebo þ methotrexate (45%) (Figs 2 and 3) . At weeks 48 and 72, the proportions of patients with clinically meaningful improvements in physical function were greater in the rituximab þ methotrexate group (68% and 48%, respectively) than in the placebo þ methotrexate (28% and 18%), rituximab monotherapy (43% and 18%) and rituximab þ cyclophosphamide (39% and 22%) groups. This difference in favour of the rituximab þ methotrexate group persisted at week 104, notwithstanding the reduced number of patients continuing protocol participation. SES in physician-and patient-reported measures, as well as ESR and CRP, reflected different sensitivities to change both across treatment groups and across intervals from baseline. Data are presented at 24, 48 and 72 weeks. Overall, SES with active treatment were large, confirming the statistical significance of ACR and EULAR responses in this trial, despite sample sizes of 40-41 patients/treatment group. At all time points, SES with placebo treatment were intermediate in value (with the exception of TJC and physician global assessment of disease activity). At week 24, excluding CRP, SES in all rituximab treatment groups ranged from 0.9 to 2.8 compared with 0.6-1.1 with placebo þ methotrexate. The greatest SES were evident with rituximab þ cyclophosphamide treatment across both physicianand patient-reported components. At week 48, SES for these components were largest in the rituximab þ methotrexate group (ranging from 1.0 to 2.4). At week 72, the largest SES were seen in four of the eight components assessed in both the rituximab monotherapy and rituximab þ methotrexate treatment groups. Larger SES for patient-reported measures were consistently evident over 24, 48 and 72 weeks of treatment with rituximab þ methotrexate treatment relative to each of the other active treatment groups (Fig. 4a-d) .
Discussion
As published, ACR and EULAR responses were highest with rituximab þ methotrexate and rituximab þ cyclophosphamide treatment at the 24-week primary end-point of this trial, and with rituximab þ methotrexate at 48 weeks. Continued protocol participation was highest at 48 weeks in this latter treatment group [19, 34] . This report analysed long-term responses in patients remaining in protocol follow-up after a single treatment course of rituximab with or without methotrexate background therapy compared with placebo þ continued methotrexate. High attrition rates between 1 and 2 yrs in this blinded protocol followup are not surprising as patients exited when further treatment was indicated; low patient numbers in the placebo þ methotrexate and rituximab monotherapy treatment groups (15% and 10%, respectively) confound between-group comparisons at 2 yrs. The rituximab þ methotrexate population had the highest completion rates at 1 and 2 yrs-95% and 45%, respectively-compared with 83% and 22% with rituximab þ cyclophosphamide. Furthermore, at 2 yrs rituximab þ methotrexate provided higher rates of clinical improvement at each level of ACR response than the other groups. These data suggest that background therapy with methotrexate resulted in more sustained clinical responses following treatment with rituximab in RA.
Patient-reported physical function, measured by mean changes from baseline in HAQ-DI and the proportion of patients with clinically meaningful changes, confirmed the benefit of active therapy, as did SES for components of ACR and EULAR response criteria. Importantly, these analyses demonstrated that rituximab þ methotrexate treatment resulted in consistent, sustained improvements over time, as demonstrated by higher ACR and EULAR responses at week 48 and lower protocol dropout rates over 2 yrs. The apparently high proportion of patients (45%) receiving placebo þ methotrexate who had improved HAQ-DI scores may be a result of the short (16-week) duration of required background methotrexate treatment; clinical evidence suggests that maximal responses to methotrexate therapy are observed at or after 6 months [35] . This result may also reflect the high doses of glucocorticoids administered to all patients in the study.
Statistically significant changes from baseline in randomized controlled trials may not necessarily be clinically meaningful or easily translated into everyday practice. Although MCID may represent a 'minimum' perceived benefit, recent trials have illustrated its importance, especially in patients with longstanding active RA (despite ongoing methotrexate treatment) and moderate impairment in performance of day-to-day physical activities (as in this study). Improvements in physical function over time in the present trial compare favourably with those reported for other biologic agents in similar patient populations. Patients with longstanding disease receiving infliximab þ methotrexate over 2 yrs reported significantly greater reductions in HAQ-DI than those randomized to placebo þ methotrexate [36] . In DMARDresistant patients receiving adalimumab þ background methotrexate, mean reductions in HAQ-DI of 0.59-0.61 at 52 weeks were statistically superior to that seen with placebo þ methotrexate (-0.25) [37] . In both trials, comparable benefits in physical function required regular therapy rather than a single treatment course of two infusions over 2 weeks, as is possible with rituximab. Given the strong association between physical functioning and joint damage in the RA patients with 8-to 15-yrs disease duration, sustained improvements in physical function observed after a single course of rituximab þ methotrexate in this protocol population may be of particular clinical significance [1] .
Statistically significant improvements in physical function in this trial were clinically meaningful and associated with large SES. Effect size calculations essentially confirm statistical power retrospectively. In addition to being particularly useful for metaanalyses, SES also indicate whether statistically significant findings are robust. In this protocol, SES were large in all active-treatment groups-exceeding 0.8 in most components over 24-72 weeks vs placebo þ methotrexate, where most values were <0.8-and compare favourably with SES reported from other controlled trials in RA [2, 38] . SES were largest in the rituximab þ cyclophosphamide group at week 24 (but not thereafter), reflecting early clinical responses in this population that were not sustained by ACR criteria or improvements in physical function. Using a conservative non-responder imputation (where all dropouts were assigned as non-responders), SES with rituximab þ methotrexate treatment remained large at weeks 48 and 72, and were most consistent for patient-reported measures across all time points.
In this study, SES (calculated for each group using pooled standard deviations to characterize the relative magnitude of change for an outcome measure) facilitated comparisons across treatment groups by individual parameters. SES for changes from baseline confirmed that HAQ-DI positively discriminated between active and placebo treatment, and consistently identified sustained responses with rituximab þ methotrexate at weeks 48 and 72, as did patient and physician assessments of global disease activity, in addition to ESR and CRP. Taken together, these analyses support the robustness of statistically significant results with this combination treatment-reflected in more clinically meaningful improvements in physical function and continued protocol participation in 45% of patients without the need for a further course of treatment with rituximab over 24 months.
In summary, this study has shown that a substantial proportion of RA patients who had inadequately responded to multiple DMARDs experienced clinically meaningful and robust improvements in physical function for up to 2 yrs following a single course of rituximab with continuing methotrexate. Moreover, these data demonstrate concordance between clinical response and patient-reported outcomes in this group of patients.
